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The most commonly used nondestructive inspection (NDI) technique for 
adhesively bonded and composite structures is the ultrasonic C-scan tech-
nique operating in a pulse-echo or through-transmission mode. They are 
most effective in detecting disbonds, voids, delamination and foreign 
inslusions, but are ineffective for the detection of weak bonds at the 
adhesive points. Weak bonds are mostly caused by improper surface clean-
ing of substrates. There is no air space at the adhesive joints where 
the substrate and the adhesive are in intimate contact with each other. 
This results in a lack of interface for ultrasound reflection required 
for their detection by conventional ultrasonic NDI techniques. Other 
ultrasonic techniques such as ultrasonic spectroscopy and ultrasonic 
resonance testers also suffer from the same disadvantage. 
The weak bond screening system development to be discussed in this 
paper was based on the utilization of a high power ultrasonic technique. 
The high power ultrasound was generated by a piezselectric transducer and 
amplified by using a mechanical coupler and an exponential horn. The 
ultrasound level irradiating into the adhesively bonded structures was 
set to disrupt weak bonds and create a discontinuity while still low 
enough not to affect bonds with normal bond strength. A follow-up 
inspection by conventional ultrasonic methods then revealed the disbonds. 
This paper first describes the instrumentation of the prototype bond 
strength screening system. It then details the adhesively bonded specimens 
used in the system developmental effort. Test results obtained from these 
specimens in terms of bond strength and level of high power ultrasound 
irradiation are presented. Evaluation results on different types of bonded 
structure are presented at the conclusion of the paper. 
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INSTRUMENTATION 
The high power ultrasonic (HPU) technique is based on sending pulses 
of 20 KHz high power ultrasonic waves into the test part. The stress 
waves generated by the high power ultrasound will disrupt and break 
weak bonds. Follow-up conventional pulse-echo ultrasonic inspection will 
detect the debonds created by the HPU irradiation. 
The debonding mechanism under HPU irradiation varies with the type 
of weak bonds under irradiation. One type of weak bond commonly found 
is caused by bonding surface contamination by oil or other additives. 
In an area containing this type of weak bond, there are many micro-
structural "defects", where the molecular bonds are either chemically 
or physically weak. During HPU irradiation, molecules at these micro-
defect sites will vibrate with a larger displacement than the normal 
sites. The tensile stress combined with the shear stress due to high 
frequency mechanical vibration will disrupt the weak bond area. Another 
type of weak bond is caused by undercure of the adhesive. In an area 
containing this type of weak bond, the adhesive is not well cured. The 
under-cured adhesive absorbs more energy from the stress waves than the 
cured adhesive. The temperature increase at these areas during HPU 
irradiation will weaken the bond and disrupt the bonded area. A block 
diagram of the high power ultrasound (HPU) system is shown in Figure 1. 
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Fig. 1. Block diagram of HPU system. 
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It consists of three major components, a power supply, a converter-
booster-horn assembly, and a control unit. The power supply provides 
high frequency (20 KHz) electrical energy to the converter which changes 
this energy into mechanical or vibratory energy. Coupled to the convert-
er is a booster which determines the amplitude of vibration produced at 
the face of the horn. The purpose of the horn is to transfer the ultra-
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sonic vibrations from the converter to the parts being tested. The 
control system controls the start and stop of HPU irradiation. It also 
displays the percentage of power which was actually loaded into the 
parts. Two Branson ultrasonic power supplies were used in this program. 
One can provide 3000 electrica! watts to the converter (2900 mechanical 
watts to load), and the other can provide 1700 watts to the converter 
(1640 watts to load). The converter-booster-horn assembly can be mount-
ed in a portable holder and operated manually by an operator remote from 
the power supply. It also can be mounted in a pneumatlc-controlled 
actuator, which brings the horn in contact with the test specimen and 
activates the HPU at a predetermined pressure. Figure 2 shows the 
power supply (1700 watts) and control unit (A), the converter-booster-
horn assembly (B), and the test specimen (C), respectively. There are 
two starting switches mounted on the two handles (one on each side)·of 
the horn assembly. The horn is spring loaded. Determination of a HPU 
power level for strip specimens was done by using the pneumatic-control-
led unit. The portable system as shown in Figure 2 
Fig. 2. Portable HPU bond strength 
screening system. 
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Fig. 3. Specimen configuration. 
was used for evaluation ofplate specimens. The HPU energy levels were 
established which will disrupt weak bonds but will not affect good 
bonds in adhesively bonded structures. The irradiation time was used 
to represent the level of energy absorbed by the specimens. Most of 
the tests were performed on strip specimens (1xl0 inch) with the 
pneumatic-controlled high power unit (3000 watts). It was found that 
the modes of support affec t ed the actual power loading into the specimen, 
When a high l eve l of power clost to 40% was loaded into the specimen, 
the HPU results were practically independent of the modes of support. 
Therefore, it is important for the operator to watch the load meter 
during HPU irradiation. The power loaded into the specimens with fixed-
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ends support and the two-point hinged support was very consistent, 
about 40%. 
SPECIMEN FABRICATION 
Three types of spec imens were chosen f or this program. Figure 3 
shows the specimen configurations for these three t ypes. Type I are 
metal-ta-metal bonded specimens designed for developmental tests. They 
were made from 0.125 inch thick 2024-T3 aluminum sheets bonded by high 
temperature curing adhesives, EA9649R or AF147. Type II are composite-
to-metal and composite-to-composite specimens bonded by EA9649R adhesive. 
Both 10-ply and 20-ply graphite/epoxy (GrE) composites were used to 
fabricate Type II specimens . Type III are honeycomb core reinforced 
beam specimens with GrE composite skins and/or a luminum skins . Nomex 
and aluminum honeycomb cores were used f or these specimens. 
Each type of specimen consists of two groups, one with strong bonds 
and the other with weak bonds. Specimens with strong bond were 
fabricated by using normal bonding procedures; e.g., proper surface 
preparations and proper cure cycles. Specimens with weak bond conditions 
were prepared by using improper surface treatmen ts or improper cure 
processes. 
In order to investigate the correlation between the input power 
level of high power ultrasound and the bond strength of the specimens, 
compressive-shear or flatwise tensile tes ts were perfor med f or each 
group of s pecimens . 
The compressive-shear tes t was used for t esting the bond strength 
of Type I specimens. As shown in Figure 3, Type I specimens were 
orginally fabricated as 10x24 inch panels. These panels were machined 
into 1x10 inch strips. In each group, some of the strip specimens were 
used in the high power ultrasoni c t est and some wer e f urther machined 
into 0.5xl inch compression speci mens a s s hown i n Fi gure 4 . 
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Fig . 5. F1a twi se t ens i on s pecimen 
Fig . 4 . Compr ession shear s pecimen. and t es t b1ock configuration. 
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A total of about 2,000 compression shear specimens of the Type I con-
figuration with various bonding conditions were tested. 
No compressive shear test was performed on Type II adhesively bonded 
composite/aluminum specimens due to a warped geometry of the bonded 
panels. The different thermal properties of the two materials plus 
their unbalanced stiffnesses caused the bonded panels to warp during 
the cool-down period after being extracted from the press. 
A flatwise tensile test was conducted to obtain the bond strength 
of GrE/GrE specimens. It was found that in all cases the tensile failure 
was attributed to composite laminate failure instead of adhesive bond 
failure even in weak bond specimens. 
In order to explain this abnormal result, it is necessary to exam-
ine the method of the flatwise tensile test. This kind of test is 
usually used for testing the tensile strength of honeycomb core rein-
forced sandwich specimens. Figure 5 shows a typical flatwise tension 
specimen and test block configuration. Both top and bottom surfaces 
of the test specimen were first adhesively mounted on the metallic test 
blocks which were then threaded into the tensile test machine, The 
ultimate tensile strength was obtained by dividing load-to-failnre by 
the surface area of the specimen. It was later found that the adhes·ive 
used to bond the specimens on the flatwise test blocks was a high temp-
erature adhesive. The specimen-test blocks assembly was cured at a 
temperature of 350°F. Since our weak bond specimens were undercured, 
the specimens were further cured during the cnring of the specimen-.test 
blocks assembly, and therefore, the results of this test did not repre-
sent the true bond strength of the undercured erE/GrE specimens, The 
bond strength of this type of specimen should be determined by other 
means. 
The bond strength of Type III composite-honeycomb core 
sandwich specimens were determined by the flatwise tensile 
or more circular plugs (2 inch diamter) were cut from each 
(4x10 inch) for utilization in the flatwise tensile test. 
specimens (1x10 inch) which were not suitable for flatwise 
were evaluated in the sandwich beam test. 
TEST RESULTS AND DISCUSSIONS 
Type I Specimens 
reinforced 
test, Three 
specimen 
A few strip 
tensile test 
Results of the compressive shear test on Type 1 speci1nens bonded 
with EA9649R adhesive showed that their bond strength can be divided 
into four groups. The control specimens (etched and cleaned) have an 
average ultimate shear strength of 12.3 ± 0.8 KSI. The unetched 
specimens have an intermediate bond strength of 10.3 ± 2.3 KSI. The 
specimens with the bond surface coated with WD-40 oil have a weak bond 
of 4.9 + 0.5 KSI. The specimens with the bond surface coated with 
Frekote releasing agent have a very weak bond strength which was estimat-
ed to be less than 2 KSI. The average HPU irradiation time to induce 
debonds in the two groups with very weak and weak bond conditions is 
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0.3 seconds and 1.3 seconds, respectively. For the specimens with inter-
mediate bond strength, it took an average of 4.8 seconds to induce small 
debonds. For the control specimens, after 10 seconds of irradiation, no 
observable damage was found. A compress i ve shear test was also perform-
ed on the control specimens after HPU irradiation. It was found that 
there is no difference in shear strength for the control specimens be-
fore and after HPU irradiation. The above results were based on tests 
of lxlO inch specimens. Some 4xl0 inch specimens were also tested and 
the results were similar t o those of the lxlO inch specimens. 
The ultimate shear strength for specimens bonded with EA9649R 
adhesive was consistantly higher than the same type of specimens bonded 
with AF147 adhesive. Longer HPU irradia t ion time was required to induce 
debonds in specimens bonded with AF147 than those bonded with EA9649R. 
To find the correlation between ultimat e shear s trength and HPU 
irradiation time to induce debond in Type I specimens, ultimate shear 
strength versus HPU irradia tion time have been plotted in Figure 6. 
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Fig. 6. Ultimate shear strength vs. HPU irradiation time for Al/Al 
specimens. 
The square represents the experimental point for Al / Al bonded with AF147 . 
The cir cles and the t riangl e represent the data poin t s for Al /Al bonded 
with EA9649R and FM300K , respective l y . The ordinate of solid bars r epre-
sents the ultimate shear strength whi ch could no t be debonded af ter HPU 
irr adiated for a time indicated i n the abscissa . Theref ore , the solid 
bars set the high limit for the es timated correlation curves. The dash-
ed curves (A) and (B) are t he estima ted correlat ion curves for Al /Al 
bonded with EA9649R adhesive and tha t bonded with AF147 adhesive , respect-
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ively. The data for specimens bonded with FM300K are similar to that of 
EA9649R. Although this is a rough estimate, it is important to know such 
correlation curves to assure that the power setting for screening weak 
bonds in a specimen will not affect the good bonds. 
TYPE II SPECIMENS 
Normal specimens of graphite/epoxy laminates bonded with EA9649R 
adhesive 350°F, the normal cure temperature for EA9649R. The weak-
bonded specimens were cured at a considerably lower temperature, 150°F. 
The average HPU irradiation time was 2 seconds for the thick panels 
(0.25 inch thick) and 1 second for the thin panels (0.125 inch thick), 
Debonds were found directly under the horned area. The failure was 
attributed to temperature increase at the bond line directly under the 
horn during HPU irradiation. For the normal cured specimens, no damage 
was found after 10 seconds of HPU irradiation and no noticeable temp-
erature increase was observed during irradiation. Results of the flat-
wise tensile test showed that the bond strength of the adhesive is 
stronger than that of GrE laminates. 
Two groups of specimens of GrE composite bonded to Al with EA9649R 
adhesive were tested. One group of specimens was prepared with standard 
-etched aluminum panels and the other group was prepared with unetched 
aluminum. The average HPU irradiation time to induce debond in the 
unetched specimens was 2 seconds if it was irradiated from the aluminum 
side. No damage was found after 4 seconds of irradiation when it was 
irradiated from the composite side. This difference could be due to 
the warped geormetry of the specimens. Further investigation is needed 
to clarify this point. No damage was found in the etched speci~ens 
after 4 seconds of HPU irradiation from either the aluminum or the 
composite side of the specimens. The HPU results showed that the un-
etched specimens have weaker bonds than those of etched specimens. 
However, more experimental data from both HPU tests and bond strength 
tests are needed to draw a conclusive correlation between the bond 
strength and the irradiation time in this type of specimen. 
TYPE III SPECIMENS 
This type of specimens was honeycomb core structure specimens with 
two skins sandwiched with honeycomb core. Two different materials were 
used for one skin: graphite/epoxy composite and aluminum. Aluminum 
plate was used for the other skin. Aluminum and Nomex honeycomb were 
used for the core. Two adhesive systems, EA9649R and AF147, were used 
in these specimens. Specimens with weak bond were prepared by spraying 
a coat of release agent, light machine oil, or plain soap on the honey-
comb core surface. Flatwise tensile test was conducted to determine the 
ultimate bond strength of specimens with weak, as well as normal, bond 
strength. 
High power ultrasound was irradiated on the side of the specimens 
with graphite/epoxy or aluminum skin. The irradiation time required to 
disrupt weak bond varied with the skin material. In general, it requires 
a higher HPU energy level to debond specimens with composite skins as 
compared with thos with aluminum skins. For normal specimens with 
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composite skin and Nomex honeycomb core, core damage occurred before the 
adhesive bond was disrupted. 
DISCUSSIONS 
Results for tests conducted on the three types of specimens are 
summarized in Table 1. 
Table 1. Summary of HPU Power Level to Screen Weak Bonds Without Damage 
Good Bonds. 
Structure~·~ Adhesive Good Bond Condition Weak Bond Condition HPU Power Selection 
(Irrad. Time in Sec .) 
Al/Al EA9649R 12.3 KSI 4.9 KSI 1.3 
(Shear test) (Due to surf ace (No damage to good bond 
contamination) up to 10 sec of irrad.) 
AF 147 9.4 KSI 4.8 KSI 2.6 
(Shear test) (Due to surface (No damage to good bond 
contaminat ion) up to 10 sec of irrad.) 
FM 300K 11.2 KSI 7.1 KSI 2.6 
(Shear test) (Due to unetched (No damage to good bond 
surf ace) up to 5 sec of irrad.) 
GrE/GrE EA9649R Standard cure and Adhesive under- 2.0 
surface preparation cured (No danage to good bond 
up to 10 sec of irrad.) 
Al H/C EA9649R Standard cure and Sur face contamina- 1.0 core 
surface preparation tion (Damage in core at 4 sec) GrE skin 
Naoox H/C EA9649R Standard cure and Under-cure; sur face 3.5 
core,GrE skin surface preparation contaminat ion (Damage in core at 10 sec) 
Naoox H/C EA9649R 1106 PSI 905 PSI 1.3 
core, Al sk.in (Tensile test) (Bad adhesive) (2.6 sec wi11 damage good 
bond) 
~·( Thickness of Al and GrE skins ....... 1/8 - in. 
The following observations can be roade from the summarized results. 
(1) For Al/Al specimens, 2.6 seconds of HPU irradiation will screen 
weak bond conditions due to improper preparation of bonding surfaces 
without affecting good bonds. 
(2) For composite/composite specimens, 2.0 seconds of HPU irradiation wil1 
disrupt weak bonds due to under-cured conditions but will not damage the 
noramlly-cured adhesive bond. 
(3) For Al honeycomb core with composite skin structure, 1 second of HPU 
irradiation will disrupt weak bonds due to bad adhesive or oils contam-
ination of bonding surfaces. 
(4) For Nomex honeycomb core with composite skin structure, 3.5 seconds 
of HPU irradiation will screen weak bonds due to surface contamination 
and under-cured conditions. 
(5) For Nomex honeycomb core with Al skin structure, 1.3 seconds of HPU 
irradiation will disrupt weak bonds due to bad adhesive. 
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